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Abstract 
In this paper, we study numerical solution of the Newell-Whitehead equation (NWE) by using Adomian's method (ADM) and 
Multiquadric quasi-interpolation method. ADM has been extensively used to solve linear and nonlinear problems arising many 
interesting physical and engineering applications. NWE is derived to describe the envelope of modulated roll- solution in systems 
with two large extended or unbounded space directions. We will show the results with an example.
Keywords: Adomian decomposition method; Newell-Whitehead equation; Multiquadric Quasi-interpolation. 
1. Introduction 
          Nonlinear equations play an important role in various filed of sciences. The world around us is nonlinear, so 
these equations are a model to describe the physical phenomena. Unfortunately, solving the nonlinear equations is 
harder than the linear ones, so all of the time we look for ways to solve them easier. Newell-Whithead equation is 
one of these nonlinear equations and is derived to describe the envelope of modulated roll-solution in systems with 
too large extended or unbounded space directions. The NWE is as follows 
                                (1) 
where  ,  are arbitrary constants. We obtain the solution of Eq. (1)  according to the initial condition:  
The ADM is established symbolic and approximate solution to Eq. (1) by using decomposition technique [1, 2]. The 
method is useful for obtaining both analytic and numerical approximations of linear or nonlinear differential 
equations. At the end of this paper we compare the results of MQ and ADM for solving the NWE.  
2. Analysis of  the ADM 
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          In 1980, George Adomian introduced ADM method for solving nonlinear functional equations. The technique 
is based on decomposition of a solution of a nonlinear operator equation in a series of functions. In this method the 
unknown quantity is replaced with a series. Convergence of ADM was considerd by K. Abbaoui and Y. Cherruault 
[7]. The main advantage of this method is it’s usefullness for solving all kinds of differential equations (linear, 
nonlinear, homogeneneous or inhomogeneneous,...), and even integral equations. Acceptable accuracy of this 
method is an other advantage of this method. ADM is applied for solving Fredholm integral equations [8]. ADM has 
been extensively used to solve linear and nonlinear problems arising in many interesting physical and engineering 
applications. It has been shown that the series converges fast [5]. This method is easy to program and can provide 
analytical solution to the problems just by using the initial conditions [6]. We define [4] the linear operator 
and the inverse operator .  So with integration of Eq. (1) we will have:  
                                                (2) 
where . Following ADM [1, 2], we expect the solution to be expressed by decomposition series 
as follows 
                                                                    (3) 
If we set , we have a recurrence relation in the form of 
                                             (4) 
where  and  
 The general form  of  is as follows:  
                                                          (5)
3. Analysis of  the MQ 
         Hardy [9] proposed multiquadric (MQ) in 1968 as a kind of radial basis functions (RBF). Kansa used modified 
MQ for solving partial differential equation (PDE) successfully for the first time [10].  In 1992 Betson and Powell 
[11] proposed three univariate multiquadric quasi-interpolation. They named them  to  approximate  a  
function  . Afterwards Schaback and Wu [14] proposed a multiquadric quasi-interpolation 
to improve . Multiquadric quasi-interpolation  possesses preserving monotonicity, convexity 
preserving and linear reproducing on  but for example  and  can not preserve both linearity and 
convexity. Quasi-interpolation is an appropriate instrument in approximation theory and its applications. 
Multiquadric is used in geodesy, geophysics, photogrammetry, hydrology, mining and so on [12] but the most 
important advantage of quasi-interpolation is that one can evaluate the approximation directly without the need to 
solve any linear system of equations. In this section we introduce the multiquadric quasi-interpolation  to 
approximate a function   For the given points  where   the 
form of univariate quasi-interpolation is as follows:  
                                                             (7) 
where,  are a linear combination of radial basis functions. Buhmann [13] considered  to 
be a second divided difference of   as follows: 
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                                                     (8) 
The operator  is introduced as follows [13, 14] :  
                       (9) 
where 
Let
then  can be written in the form of  
Quasi-interpolation  has following properties. 
Theorem 3.1 [13]. If  
(10)
(11)
(12)
 then the multiquadric quasi-interpolation  can be written as three equivalent forms as follows:  
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In addition, on  , we have  
where,  and . With the Eqs. (9)-(11) and the definition of , , we can say that the 
quasi-interpolation  defined by Eq. (6) is just the multiquadric quasi-interpolatin which we use in this paper. 
Now, we present the numerical method for solving the Newell-Whithead equation:  
(13)
 where  and  are arbitrary constants.  is  the  approximation  of  the  value  of   at point ,
,  where  is time step. We approximate  with , so we get:  
Clearly we have:  
The above equation means that we can obtain the value of  in time step  according to time step . So 
we don't need to solve a system of equations. According to Theorem 3.1, we can obtain the approximate values of 
. We use the derivative of the multiquadric quasi-interpolation to approximate . Therefore we have: 
4. Example 
          In this section, we present an example to illustrate ADM. Then we compare the absolute error of ADM and 
MQ for different data.  
Example 1. Consider the initial value problem  
(14)
 with an initial condition of   
The exact solution of this equation is as follows:  
By using the Eq. (4)  
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and Eq. (5), we obtaine  , etc. By using Eq. (7) we obtain the solution in the closed form. If we use the 
high order we can obtain the better solution. In this paper we just used . The absolute error is 
shown in Table 1 for , , ,  , .
Table1. Absolute error for ADM 
x t=.1 t=.2 t=.3 t=.4 t=.5 
-25 1.1644E-11 8.8259E-11 2.8652E-10 6.5523E-10 1.45683E-6 
-15 1.37206E-8 1.03995E-7 3.37614E-7 7.7206E-7 1.23638E-9 
25
30
4.8392E-10 
1.4096E-11 
1.98915E-9 
5.7943E-11 
4.60456E-9 
1.3412E-10 
8.4334E-9 
2.4566E-10 
1.35958E-8 
3.9604E-10 
Now we solve this example by using  multiquadric quasi-interpolation in , , ,  , 
 with   For more details, see Table 2. 
Table 2. Absolute error for MQ 
x t=.1 t=.2 t=.3 t=.4 t=.5 
-25 2.9200E-19 5.4332E-9 5.4318E-9 5.43041E-9 5.42902E-9 
-15 3.43787E-6 6.3962E-6 6.39128E-6 6.38636E-6 6.38144E-6 
25
30
3.38887E-9 
9.7252E-11 
7.32706E-9 
2.1050E-10 
7.32168E-9 
2.0888E-10 
7.31631E-9 
2.0726E-10 
7.3109E-10 
2.0564E-10 
5. Conclusion 
          In this paper, we used ADM and MQ methods to solve the NWE and compared the results in an example. The 
results show that both of these methods are reasonable to solve the NWE and have acceptable accuracy. In this 
work, we use the Mathematica Software for calculations. 
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